Empathic abilities are impaired in schizophrenia. Although the pathology of schizophrenia is thought to involve disrupted white matter integrity, the relationship between empathic disabilities and altered white matter in the disorder remains unclear. The present study tested associations between empathic disabilities and white matter integrity in order to investigate the neural basis of impaired empathy in schizophrenia. Sixty-nine patients with schizophrenia and 69 age-, gender-, handedness-, education-and IQ level-matched healthy controls underwent diffusion-weighted imaging. Empathic abilities were assessed using the Interpersonal Reactivity Index (IRI). Using tract-based spatial statistics (TBSS), the associations between empathic abilities and white matter fractional anisotropy (FA), a measure of white matter integrity, were examined in the patient group within brain areas that showed a significant FA reduction compared with the controls. The patients with schizophrenia reported lower perspective taking and higher personal distress according to the IRI. The patients showed a significant FA reduction in bilateral deep white matter in the frontal, temporal, parietal and occipital lobes, a large portion of the corpus callosum, and the corona radiata. In schizophrenia patients, fantasy subscales positively correlated with FA in the left inferior fronto-occipital fasciculi and anterior thalamic radiation, and personal distress subscales negatively correlated with FA in the splenium of the corpus callosum. These results suggest that disrupted white matter integrity in these regions constitutes a pathology underpinning specific components of empathic disabilities in schizophrenia, highlighting that different aspects of empathic impairments in the disorder would have, at least partially, distinct neuropathological bases.
Introduction
Empathy is a set of constructs that enable us to understand and respond to the emotional experiences of others, and thus has a central role in successful interpersonal engagement and higher social functioning (Davis, 1983; Decety and Moriguchi, 2007) . Empathy is considered to be multifaceted and to comprise at least two key components: cognitive empathy and emotional empathy. Cognitive empathy consists of the ability to understand and explain mental states of others, while emotional empathy comprises the experience of an appropriate emotional response as a consequence of the emotional state in others (Davis, 1983) .
A number of studies have reported that empathic impairments were present in schizophrenia (Derntl et al., 2009; Fujiwara et al., 2008; Haker and Rossler, 2009; Montag et al., 2007; Shamay-Tsoory et al., 2007a , 2007b , and that such deficits lead to social dysfunction (Shamay-Tsoory et al., 2007b) . In these studies, impairments in empathic abilities were assessed by the Interpersonal Reactivity Index (IRI) (Davis, 1983) , which is a widely used self-report instrument to assess empathic abilities on four subscales; Perspective Taking (PT), Fantasy (FS), Empathic Concern (EC), and Personal Distress (PD). PT and FS were designed to measure the cognitive aspects of empathy, and EC and PD the emotional aspects of empathy. Previous studies have revealed decreases in cognitive empathy in schizophrenia (Fujiwara et al., 2008; Montag et al., 2007; Shamay-Tsoory et al., 2007b) . In addition, most studies on schizophrenia have reported increases in PD resulting from observing another's negative experience (Derntl et al., 2009; Fujiwara et al., 2008; Montag et al., 2007) .
As for the neural basis of empathy in healthy subjects, several functional neuroimaging studies (Hooker et al., 2008; Lamm et al., 2011; Mar, 2011; Singer et al., 2004 ) and a volumetric study (Banissy et al., 
